Abstract. Co-ordinated campaigns have been conducted from Gadanki (13.5 • N, 79.2 • E, dip lat 6.4 • N) by operating simultaneously the Indian MST radar in ionospheric coherent backscatter mode and by monitoring thermosphere airglow line emissions (630.0 nm and 777.4 nm) using a narrow band multi-wavelength scanning photometer during JanuaryMarch for the past five years (2003)(2004)(2005)(2006)(2007) and also during April 2006, as a special campaign. Simultaneous radar and optical observations reveal optical signatures corresponding to a variety of equatorial spread F (ESF) structures. The optical signatures corresponding to ESF structures with wavelike bottomside modulations with plasma plumes, confined bottomside flat and wavelike structures, vertically extended plume structure in the absence of bottomside structure apart from the classical plasma depletions and enhancements are obtained during these campaigns. The plasma depletions and enhancements were identified using optical measurements. In addition, estimations of zonal wavelength of the bottomside structures and the inference of shears in the zonal plasma drift in the presence of confined structures, were carried out using bi-directional airglow measurements. Furthermore, it is found that the vertical columnar intensity of OI 630.0 nm airglow exceeded the slanted columnar intensity in the presence of large bottomside structure. The need for the appropriate physical mechanisms for some of the ESF structures and their characterizations with optical observations are discussed.
Introduction
Equatorial spread F (ESF) is a generic term that refers to the plasma irregularities in the F-region of the ionosphere with scale sizes encompassing from a few hundreds of kilometers to a few centimeters. Several techniques have been used to investigate different spectral regimes of these irregularities. Comparative studies of this phenomenon with different techniques enable to understand ESF more comprehensively. The radars operating in HF, VHF and UHF frequencies have been used to investigate this phenomenon (Kelley, 1989) . Among these, VHF radars have been extensively used to investigate the structures and dynamics of the plasma irregularities that are present both in the bottomside and topside of the ionosphere. The ESF structures have been investigated using VHF radar at various longitudinal sectors (Tsunoda, 1980; Patra et al., 1995; Fukao et al., 2004) ever since Woodman and La Hoz (1976) reported various ESF structures over Jicamarca. Comparison of the UHF radar map with the results obtained from rocket borne (Rino et al., 1981) and satellite borne probes (Tsunoda et al., 1982) revealed that the plume structures as seen by the radars are indeed associated with large scale plasma bubbles. A coordinated TEC and VHF radar measurement (Tsunoda and Towle, 1979) revealed that the plumes are found to be coincident with TEC depletions. Similarly, the results obtained using optical imagers was compared with VHF radar results (Mendillo et al., 1992) and also with the digital ionograms (Weber et al., 1996) to get a clue for the onset conditions for the development of plasma depletions. Thus the comparative studies with various techniques are useful in obtaining physical insight of ESF. In the recent past, comparison between the narrow-band optical measurements of thermospheric airglow emissions and the VHF radar measurements revealed the presence of plasma enhancement (Sekar et al., 2004) extending beyond 350 km and an evidence for fossil bubbles turning active (Sekar et al., 2007) was obtained. In addition,
